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(57) Abstract: 

PROBLEM TO BE SOLVED: To provide high tensile steel 
excellent in strength at high temperatures and having 
superior weldabillty and toughness, and its 
manufacturing method. 

SOLUTION: The steel has a composition consisting of, by 
mass, 0.05-0.15% C, 20.6% Si. 20.8% Mn. 20.02% 
P. 20.01% S. 0.7-1.2% Mo. 20.06% Al, 20.006% N and 
the balance iron with inevitable impurities and 



containing specific amounts of Cu, Ni, Or, Nb. V, B, Ti, 
Mg, Ca and REM. Further, ferrite other than polygonal 
ferrite and pseudo-polygonal ferrite comprises ^80% by 
area fraction of the microstructure of this steel, and 
the average circle- equivalent diameter of old y-grains 
is 2150 i^m. As to the manufacturing method, after 
reheating to 1. 000-1 .250X rolling is finished at ^50°C 
while regulating cumulative rolling reduction at 21,000X 
to ^30% and then air cooling is applied or accelerated 
cooling is applied from *750**C to 2600*C; or, after hot 
rolling, normalizing or hardening is applied at a 
temperature between Ac3 and 950**C. 
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SB^^9^;6^Sl:%r% c : 0. 0 5-0. 

15%. Si : 0. 6%J^T. Mn : 0. S%\XT. 

Pro. 02 %JaT> s : 0 . o i %y.T> m o : o . 

7 - 1 . 2 %. A 1 : 0 . 0 6 %J^T> N : 0 . 0 0 6 

Pcy = C+S i/3 O+Mn/2 O+Cu/2 0+Ni 
/60+Cr/20+Mo/15+V/10+5B 

^^»i-^it«#JtL/SS14a^PcM7!i^^0. 2 5%J^T 

«^JE®:^l6]0«ll»fiS*'l6l 1 / 4 iPf5:M<7) ^ ^ 

M«^^T*8 0%tiL±7!i^^V v^iM^U 

ST'CO|0^-XT-:h-f heo^i^RffiSiSS^^n 5 0// 
m tlTT**) ^ C t * i: ^ Uffitt 7t S55S^; 

[»*a2l ±iBii^^NiSPx,. «M%t:% Cu : 

0. 05-1. 0%. Ni:0. 05-1. Q%. i)^ 
C u m\i&<r> 1/2 CriO. 05-1. 0 

%. Nb:o. 005-0. 05%. v:o. 01- 

0. 05%. B:0. 0002-0. 003%. Ti : 
0. 0 0 5-0. 0 2 5%.Mg:0. 0 0 0 2 -0. 

0 0 b%<r>mMx-imtfz\t2m}^x±i^^'thz,ti 
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n l± U.*:) t •t*1i>5' c^-^^^ftiJ J: t>'Pcii «rKje 

[0 0 0 6] -?-Ofw4«)lc|H^i3-S:(ii:«:>SSJ£:^ft=J:*l& 

if) •r-^)-2.o 

[0 0 0 7] (1) ^fig;^**fiS%-c, c : 0. 05 

-0. 1 5%> S i : 0. 6%Ja.T> Mn : 0. 8 %Ji)L 
T> P : 0 . 0 2 %Ji^T^ s : 0 . O l %^XT. M o : 
0. 7-1. 2%, Ai:o. 06 %J-:jit, n : 0 . 0 
0 6 %]xr. iy^-o^ 

Pcu = C + S i/3 O+Mn/2 O+Cu/2 0+Ni 
/60 + Cr/2 0+Mo/l 0 + 5B 

t Mm-r Z> ?g««iJtLSS14a« P CM 7i^^ 0 . 2 5 %J^J.T 




4f H 2002-3985 

4 
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f*, Ac3t)>±9 5 CCWTcOfflJilcTOPSftm, «liA 

1 / 4 J?&@<o 5 oa^;5?, Ma^spT- 8 0 % 
j-:ji±;6«*° =f-r)vi>^ vm±m.i? v r^'^^u 7 9 h J-m 
Ti^fb^f^, tS^o, ^ifffiJ3J:m2:ar'<7)lB5^-7;T•:^'^ 

iz^ixfz^mtim<o9i^l;mo 
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[00 13] (7) ab^vW±a 

)&^mL-r^zt'S:s^Wit-t:h±ti (4) - (6) m<n 

[00 14] (8) mmititcOEti^X'^ m^i: A c 

m(r>ustx-m^mL-ri>zti^^ti-i>±%i (4) - 

[0 0 15] J^lfe^Uittlf, f6|5$ffeJtfb<73^*i: LT 

«jiftfiO^^|fi]±H«i- -z, w t d^-pTtg i: ^ o y^co 
[0 0 16] 

[001 7 ] :^^m*K I»*«c0ii I) tciiM^i^ J: 

[0 0 18] c(i, mu<7)^mzmi>mmizn< i>(o 
x\ rmo. 0 5 %immm^^mm^j: t'ff^mmm'^ 

m^^£t^zmf^mi:Rii3:-rfzi(). ±m.io. i5%tL 

[0 0 19] s u±, ffii®?±»lic-&i*T.^7c5Kt?*^ 

±|!S$r0. 6%i:|S^LfCo »<7>IK.K(±T i , A 1 

[0 0 2 0] Mnii. m^imu-r^±x'^os^ 

(±> !|ft;6 0 0"C@<oS5ia®)St::ii*i 

Si { ; is V > T ^14 16] -hi- ^ *> :*:|6 ^ T- CO P c u IB: CO 81 
*>'bO. 8%WTt~K5eL;to MnO±pg5:®<«Ix. 

* c t i I) , a^sijg;^ 9 ro ct>'i:^«*f <o,#.*» <b <> * 

[0 0 2 1] Pti, :*:%?g^t-J3v^-rii^^!^t?*i), 
P liOfiMli H A Z (C is It -2> ^ M^- $ -tir ^ «I6J 

1*> ?S«gi5Ojg:iai!I14S:^^Sfl:$-<i:-E./cii>±IS^0. 0 2 
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v^o ?t«Si50f&i£l814?ri^ft$ it- 

's 7t*!>JiK?rO . 0\%t\^tZo 

[0 0 2 3] Mo(±. ii<7);^a?iK*ttf*-r'?>±r''£-s 
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[0 0 2 4] A Il±, — jKH)!jiK±iitC#itt-67C3lT? 
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htziix-i-j: < . m^^w,<nm'&.i)^^i\:-r^<r>X'±Mi 

20 0. 0 6%i:L;to 

[0 0 2 5] N(±. 7r^Dri^fi<):T:$ie»i: Lr^i^u-^in 

T i N=£-B^L-C^<^1±®5:lSii67t»), Nbtig'^LT 

tLTSf&O. 0 0 1 %'£-^-eib^c L7i^L;t**'b, N 

l&5^Sit-i3V»T«i-?-<0±P&l± 0 . 0 0 6 %Xi)^c 

[0 0 2 6] >k^z^ '£-iltcrL- cr-g-^-r ^ d t t^x i s 

Ni. Cu. Cr, Nb, V. Ti, MgOr^tPS 
[0 0 2 7] ^ hl,ZZflh<7)7cil^^: 

[0 0 2 8] N i t±, j©fiJ{I?^ftPL^ttn(f. 
HAZfSl4C«f^StRt?-rct>5:<«*JOS)S> SItt 

< 1 1 0. 0 5%&,±ff)mm*^'£^mx$>i>o -u. mm 

±ffi^rl. 0%i:L7t„ ^is, C u «:?^JPi-^ar 

mmm^mm.-n, tmmz. cu^ipfi<7)i/2jflL± 

[0029] Cul±. Nit (2iJ|SI«<7)5c&*> S*?:^ 
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i^m.m^f^i>o Tmi>t^n&)^j:%^-hmhfti,fztb<Dm. 
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[0 0 3 0] C r(i, 9U<r>^m. iJltSri: t (;|6]±$ 
[0 0 3 1 ] C u . N i , C r (i. ©ttO^K, 

[0 0 3 2] Nbli. Moiitm&^^HtM-t^:^^m 

B#<ojo»*-;^-r-^--< Ko«B*S:fb{;t$-^-f -5.0 

?^SP(±, jSSSBOSJtt^^ft^JS < tziblMi 0 . 0 5% 

tLfco 2^l&w^-^^^^T'£>^7c?!?•e^b-^)Mo^c^) 

[0 0 3 3] V(i. Nb "i)*^ 
■e*-l);5*, Nbl-it'<r-?-0^*(±/hSv»o if-:. V(± 

N b t l^»<7)?i)*(± 0.01 %*?fiT'(±^*;&«i^^ 

<. ±Pg(io. 0 5%i-eff=#-e#^<, 

[0 0 3 4] T i li, S^tiJiO-'^gPSgttmi-^^ 

f>(fTii±. A 1 fiA^il'-^i/^t I; (0!lx.ifO. 0 0 3% 
mr) , Ot^S-^LTT i 203^±BS;^i:-t^*faJtl^r 

|6]±§-ti-^o i/c. T i tiN tfS^LTT i Nt LT^ 

0 0 5%'£»f|T'*-S.o LTJ^L^-r^'i.tT i C^fM 
0.0 2 5%-e*)4o 

[0 0 3 5] B!±, ^t-y^-r-^-'f he#(Cffi1^f L, "7^ 

®o. 0 0 0 2%je)i±'£'^T*ab'5>o ltj^l. #^-rr*?3* 

0. 0 0 3%tLfCo iiJ, ^'V^'fflSi^rft LT, It 

tiU-kMixtim^ $ tv^ - X T-(i . S# Jo J; t>l§«f»!; 

(f> ^^t^lD^IfgASI^t (SCO KjlKO/ctotCfiHR 
C^2 2 (HV^2 4 8) ^^id^St Stt-S) , ^<ni.') 
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[0 0 3 6] Mgli. m^mi^m~ii^^X-^-7.T-i- 

(±, Mgiio. 0 0 0 2%j':)i±-£-ST-*^o mm 

[0 0 3 7] $<b(;, C aiJifFREMIi. M n S coff^ 

fl:*^5il:^T-e07lc^K-*iiiJ*x (H I C> S S C, SO 
HIC) JSS14«:fi«?-«i:-2.o ^i^<b<OS^|*^^|fe»■r* 
7t:i6(C(l, SffiO. 0 0 0 5%'£-llT***o LtJ-L. # 

B6fb7K^Sii:^JT-eo*.#Blie«lit (HIC. SSC. S 
OH I C) ig^*S5*!)^7ti6, i^iniO±KB(±0. 0 

0 4 %{C|5g^L;'Co CatREMIi. l5(?|WI^O?**=£: 

20 to 0 3 8] ^coH^-O^^^rKJELT-f), ^.'Si-n^^Hf- 
CM<7)M^0. 2 5%UT{-K^-r^o PcM(±^«tt?:* 
V^T(i, Pc«**0. 2 5%J':)LTr'*n.lfffi*vfc}§«14<7) 

it«^^~^tg-c-*.^o ^ii, ^«iJixiS$i4afiS:Pciii±m 

(0 0 3 91 Pcii = C+S i/3 O+Mn/2 0+Cu 
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0 + 5 B 
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fc*, mk^tiU<r>m^m.'m.Ltz^<r>x'ii^o 
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-f h*3:g^¥*^Rffiaasr- 1 5 o ;« m}-lTi,zm^-t 
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1 0 0 ox:y:XTX'(Dmm^T-&-fy^'p^£^^^'k. mo 
iit^m^ < mm-ri>^^mm»izii\.^xi>s.m^-^ 
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